Abstract. The establishment of mixed broods in populations of Canada geese, Branta canadensis, has been a subject of controversy. The possible adaptive significance of this behaviour was evaluated as it relates to the survivorship of goslings. Distance of goslings from the adults, gosling status (i.e. natural or adopted) and survivorship to 5 years were measured to predict the value of aggregation behaviour. Spatial data indicated that adopted goslings were further from female adults than natural goslings. Recapture data indicated that mixed broods improved the survivorship of natural goslings. 1997 The Association for the Study of Animal Behaviour
Adoption has been recorded in over 120 species of mammals and 150 species of birds (Riedman 1982) . The cost to adults that provide care for the offspring of a conspecific may be high. This seemingly altruistic behaviour seems contrary to natural selection. Emlen et al. (1991) listed several possible hypotheses to explain this behaviour, including: (1) enhanced survival of young through increased group size or access to resources; (2) enhanced future probability of breeding in species constrained by availability of nest sites or availability of mates; and (3) increased production of non-descendent kin or members of their 'extended family'.
Several terms have been used to describe adoption in the Anatidae, including creching (Bedard & Munro 1976) and gang brooding (Warhurst & Bookhout 1983) . In an effort to avoid value-laden terms such as these, Eadie et al. (1988) defined two broad categories of brood amalgamation or mixing: pre-hatch brood mixing occurs when a female lays her eggs in the nest of another female, allowing the recipient to incubate them and raise the subsequent young; post-hatch brood mixing occurs when a female incubates and hatches her own young, but loses them when the young mix with the hatched brood of another female.
Adoption has been well documented in geese (Eadie et al. 1988) . Precocial development in these species allows consideration of hypotheses that are unsuitable for mammals and birds with altricial young (reviewed by Eadie et al. 1988) . One explanation for the occurrence of post-hatch brood mixing, similar to the first hypothesis of Emlen et al. (1991) , is the exploitation of the fostered young hypothesis (Eadie et al. 1988) . By adding adopted offspring to their brood, adults may decrease predation on their own offspring by (1) detecting predators early due to increased brood size and (2) diluting predation on natural offspring and enhancing survival of natural offspring by the 'selfish herd effect ' (Eadie & Lumsden 1985) . The selfish herd effect (Hamilton 1971) states that aggregate behaviour may result from an individual's selfish avoidance of predation. The objectives of this study were to determine the spatial location of both natural and adopted goslings around adult Canada geese, Branta canadensis, and to compare survivorships of adopted and natural goslings. Since goslings closer to the adults are likely to receive more protection, we predicted that if adopted goslings are being exploited, they will be further away from the adults and show decreased survivorship.
METHODS

Study Area
A breeding population of Canada geese in northwestern Pennsylvania was observed at the Pymatuning Waterfowl Refuge (41 38 N, 80 25 W) . This area hosts a free-flying resident
